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ABSTRACT 

The performance characteristics of high power 
semiconductor switches subjected to high levels of 
neutron fluence and gamma dose must be known by the 
designer of the power conditioning, control and 
transmission subsystem of space nuclear power 
systems. Location and the allowable shielding mass 
budget will determine the level of radiation 
tolerance required by the switches to meet 
performance and reliability requirements. Neutron 
and gamma ray interactions with semiconductor 
materials and how these interactions affect the 
electrical and switching characteristics of solid 
state power switches is discussed. The experimental 
measurement system and radiation facilities are 
described. Experimental data showing the effects of 
neutron and gamma irradiation on the performance 
characteristics are given for power-type NPN 
Bipolar Junction Transistors (BJTs), and Metal - 
Oxide-Semiconductor Field Effect Transistors 
(MOSFETs) . BJTs show a rapid decrease in gain, 
blocking voltage, and storage time for neutron 
Irradiation, and MOSFETs show a rapid decrease in 
the gate threshold voltage for gamma irradiation. 


INTRODUCTION 

The electrical components used in the electrical 
power and control subsystem of space nuclear power 
systems will be subjected to gamma rays and 
neutrons emanating from the nuclear reactor. The 
level of radiation tolerance required by these 
components will be determined by their location and 
the allotted radiation shielding. High power 
switching devices will be one of the critical 
electrical components needed to condition, control, 
and regulate the power to the spacecraft's bus and 
any required ballast loads. 

Under the Power Management element [1] of the 
Civilian Space Technology Initiative-High Capacity 
Power Program, the NASA-Lewis Research Center has 
Initiated a program to characterize and evaluate 
the effects of neutrons and gamma rays on the 
electrical and switching performance of commercial 
and developmental -type solid state power switches. 
The primary focus of this switch program is to 
experimentally determine both the types and rates 
of degradation in the switch's performance due to 
radiation damage. The results obtained under this 
program should enable the circuit designer to 
determine the useability of a particular switch for 


a specified circuit application. This paper will 
be limited to a discussion of radiation damage in 
power-type BJTs and MOSFETs and experimental 
results will be presented to show how radiation 
damage affects these devices. 

The physics of radiation damage In solid state 
switches Is quite complex. The brevity of this 
paper does not allow a complete discussion of all 
of the effects associated with radiation in 
electronic materials and devices so the interested 
reader is referred to references [2] to [4] for a 
more in-depth exploration of the subject. 

GAMMA RAY INTERACTIONS 

Gamma rays are photons or quanta of high energy and 
can be produced when a nucleus decays from its 
excited state to another lower or ground state. 
Gamma rays interact with matter in three different 
ways: photoelectric effect, Compton scattering and 
pair production. Electrons are emitted in each of 
these processes. Charged particles such as 
electrons, protons, and alpha particle interact 
with atoms primarily by Rutherford scattering 
(Coulomb scattering) and cause both ionization and 
atomic displacements. 

In the photoelectric effect the incident gamma ray 
Is completely absorbed by a tightly bound atomic 
electron (K or L shell) and the bound electron, 
called the photoelectron, Is ejected from the atom. 
Compton scattering involves an elastic collision 
with a loosely bound or "free" electron. However, 
as the energy of the incident gamma ray Increases, 
Compton scattering can take place with the bound 
electrons. In Compton scattering the gamma ray is 
scattered at a reduced energy and the remainder of 
the incident gamma ray's energy becomes the kinetic 
energy of the scattered electron. In pair produc- 
tion the gamma ray passes near a nucleus and 
converts into an electron-positron pair. A gamma 
ray energy of at least 1.02 MeV Is required for 
this process. In silicon the photoelectric effect 
dominates at photon energies less than 50 keV and 
pair production dominates at energies greater than 
20 MeV with Compton scattering dominating in the 
intervening energy range. 

NEUTRON INTERACTIONS 

Neutrons Interactions with matter can be divided 
into two categories: capture and scattering. In 
the capture process the target nucleus absorbs the 
incident neutron to form a compound excited nucleus 


which subsequently decays to a stable nucleus 
through photon and charged particle emission. In 
certain heavy nuclei the compound nucleus splits 
into two separate fragments accompanied by the 
emission of neutrons and gamma rays. 

In scattering interactions the incident neutron 
remains free at a lower kinetic energy and part of 
the incident neutron's kinetic energy is 
transferred to the target nucleus known as the 
primary recoil or knock-on atom. Scattering 
interactions consist of elastic and inelastic 
collisions. In elastic scattering the incident 
neutron collides with the target atom with the 
incident neutron's energy being reduced by the 
kinetic energy imparted to the recoil atom. In 
inelastic scattering the neutron is first captured 
by the target atom to form a compound nucleus from 
which a lower energy neutron is emitted and the 
excited nucleus decays by gamma emission. 

In scattering interactions the target atom in 
crystalline materials can be displaced from its 
lattice site and for most materials about 25 eV is 
required to dislodge the atom. If the displaced 
atom is unable to find a vacant lattice site, then 
vacancy-interstitial pairs are generated to form 
simple or point defects in the crystal. The kinetic 
energy of the recoil atom determines whether it has 
additional elastic collisions with other lattice 
atoms or whether it dissipates its energy by ioni- 
zation. Oefect clusters form when a primary recoil 
atom is imparted with sufficient kinetic energy to 
cause additional collisions and atomic displace- 
ments. Defect clusters are regions that contain 
large numbers of relatively closely spaced defects. 

Neutron scattering can generate a cascade of 
displaced and ionized atoms and these radiation- 
induced defects can cause permanent damage that 
alters the physical and electrical properties of 
crystals. The dominant interaction in silicon for 
fast neutrons is the scattering process which 
primarily forms defect clusters. 

IONIZATION EFFECTS 

Ionization is the process of removing orbital 
electrons from atoms and producing positive ions 
and free, or unbound electrons. In semiconductors 
and Insulators, ionization always produces 
electron-hole pairs; an electron is removed and a 
mobile hole is generated in the valence band. Both 
gamma rays and neutrons cause ionization but gamma 
rays are the predominant cause. The number of 
electron-hole pairs generated depends on the 
material's band gap and the quantity of energy 
absorbed by the ionized electron; an ionized 
electron with sufficient kinetic energy can cause 
additional ionization. About 3.6 eV is needed to 
create an electron-hole pair in silicon. In 
semiconductor devices the main effects of 
ionization are hole traps or positive charge build- 
up in the insulator or passivation layer, 
electronic or interface states at the surface 
between the Insulator and semiconductor and 
photocurrents. In positive charge build-up some of 
the electrons from the electron-hole pairs leave 
the Insulator so that the trapped holes produce a 


net positive charge in the insulator. Electrons 
localized at the Insulator-semiconductor interface 
can generate Interface energy states distributed 
throughout the band gap. These interface or 
surface states charge and discharge as a function 
of bias and thus, affect charge distribution within 
a device. Photocurrents are caused by electron- 
hole pairs generated in the junction's depletion 
region and by minority carriers within a diffusion 
length of the depletion region. 

DISPLACEMENT EFFECTS 

Atomic displacement is the process of dislodging an 
atom from its lattice site. Both neutrons and 
gamma rays cause displacement; gamma rays, through 
ionized electrons, usually cause simple defects 
while neutrons, the predominant displacement 
mechanism, usually cause cluster defects. Through 
thermal motion some of these displaced atoms become 
mobile and migrate through the lattice structure 
until they either recombine as vacancy-interstitial 
pairs, or form immobile stable defects, or escape 
to a free surface. The thermal annealing process 
depends on temperature, time and charge state. The 
charge state is the energy level the hole or 
electron occupies in the band gap. 

In crystalline substances these atomic displace- 
ments alter the periodicity of the lattice. In 
general, the disruption of lattice periodicity in a 
semiconductor or Insulator leads to discrete energy 
levels in the material's band gap. The presence of 
these discrete energy levels in the band gap can 
cause several processes to occur: generation, 
recombination, trapping, removal and tunneling of 
electron and hole carriers. Anyone, a combination 
of, or all of these processes can occur through the 
same energy level of the band gap. The process 
that dominates is determined by such variables as 
carrier concentration, temperature, and the 
particular region of a semiconductor device such as 
the p-n junction depletion region. Besides these 
processes, radiation-induced atomic displacements 
generate carrier scattering centers which affect 
carrier mobility. 

Carrier trapping occurs at shallow energy levels in 
the band gap and the same carrier that is captured 
by a trap is later emitted wTth no recombination 
taking place. Carrier removal alters carrier 
concentration and occurs when the dopant Is 
compensated to cause a reduction in the equilibrium 
majority carrier concentrations. Tunneling is the 
process where carriers "tunnel" through a potential 
barrier such as in a reverse-biased p-n junction. 
Carrier action in a semiconductor includes drift, 
diffusion, and recombination-generation. Drift Is 
the motion of charged particles in response to an 
electric field. Diffusion is a thermal process 
where particles migrate from high to low regions of 
concentrations such that uniform distribution is 
achieved. Recombination-Generation (R-G) is a 
process that indirectly affects current flow by 
changing the carrier concentration involved in the 
drift and diffusion process. 

Generation is the creation of electron-hole pairs 
while the reverse process, recombination, is the 


annihilation of electron-hole pairs. The recom- 
bination lifetime is a function of R-G center 
density and is the mean-time a minority carrier 
exists before recombining with a majority carrier. 
Both direct and indirect thermal R-G processes 
occur In semiconductors. Direct thermal R-G 
processes occur without an intermediary while 
indirect R-G processes require a 'third party' and 
take place only at sites in the material called 
R-G centers. R-G centers are caused by introducing 
special Impurity atoms such as gold into the 
lattice or by lattice defects resulting from 
processing or radiation damage. R-G centers 
introduce allowed energy levels or electronic 
states near the center of the band gap. 


before and after irradiation. 

RADIATION EFFECTS IN BJTs 

The BJT is a current controlled device in which the 
base current In controls the output collector 
current Ip. Both neutrons and gamma rays affect 
the electrical and switching properties of BJTs. 
Fast neutrons primarily cause cluster defects and 
are the dominant radiation- induced damage mechanism 
in BJTs. High doses of gamma rays are capable of 
generating simple defects by energetic electrons 
resulting primarily from Compton scattering. The 
number of atomic displacements caused by neutrons 
is very large relative to gamma rays. 


Under equilibrium conditions (no external voltages, 
magnetic fields or stresses applied) the R-G rates 
are equal so there is no net change in carrier 
concentration. Perturbation of the semiconductor 
such as the application of an external voltage 
causes either the recombination or generation rate 
to change in such a direction to favor restoration 
of equilibrium conditions. The recombination rate 
increases if the perturbation causes an increase in 
carriers while the generation rate increases if the 
perturbation causes a decrease in carriers. Thus, 
R-G action causes a change in carrier concentration 
when equilibrium conditions are disturbed. 

EXPERIMENTAL SETUP 

The research facilities and equipment of the NASA- 
Lewis Research Center, Wittenberg University, Ohio 
State University (OSU) and the University of 
Cincinnati (UC) are used for the experimental tests 
and data analysis. The OSU research reactor 
facility is used for neutron irradiation and the UC 
Cobalt-60 facility is used for gamma irradiation. 
At present both the neutron and gamma irradiation 
tests are done under room temperature conditions 
but higher temperature tests are planned to inves- 
tigate the effect of thermal annealing during irra- 
diation, The room temperature test fixture is made 
from polyethylene and symmetrically holds up to 
four devices. The fixture's size is limited by the 
port hole size at the OSU reactor. Both power and 
sense cables are provided for each test device and 
these cables extend outside either the neutron or 
gamma source to the test Instruments. The inner 
surface and the four individual test sockets of the 
fixture are lined with cadmium to absorb the 
thermal neutrons, leaving only the epicadmium flux 
(0.5 eV to 10 MeV). The reason for thermal neutron 
removal is to more clearly represent a fast 
spectrum reactor and to minimize neutron activation 
of the Irradiated devices so that immediate post- 
irradiation tests can be conducted outside the 
reactor. 

A curve tracer is used to make the electrical 
measurements before, during, and after irradiation. 
These measurements consist of the ON-state current- 
voltage characteristic curves and the OFF-state 
leakage current-voltage breakdown curves. Special 
drive circuits are designed for the switching time 
tests for each of the different solid state 
switches. Presently, the tests for determining 
turn-on and turn-off times are conducted only 


The result of both simple and cluster defects in 
silicon is the formation of R-G centers. Electron- 
hole recombination causes reductions in current 
gain and switching times. Electron-hole generation 
causes an increase in leakage current. Majority 
carrier removal and decreases in carrier mobility 
cause Increases in forward collector-emitter 
voltage Vpp. Neutron fluences greater than 10 13 
n/cm 2 are required for significant reductions In 
majority carrier density and mobility. 

The current gain hpp of a BJT is the ratio of Ip to 
Ig. hpp is determined by the fraction of majority 
carriers emitted by the emitter that pass through 
the base as minority carriers and collected as 
majority carriers by the collector. An increase in 
R-G center density due to radiation- Induced defects 
causes a decrease in minority carrier lifetime so 
that the rate of electron-hole recombination 
increases in the base. Thus, hpp decreases as the 
fraction of emitter- Injected carriers reaching the 
collector decreases so that Ip decreases for a 
constant Ig, or equivalently, Ig must increase to 
maintain a constant Ir. A switching-type power BJT 
has a relatively low hpp at rated Ip and Vpp so any 
degradation in hpp impacts the switch's operational 
use. A gain loss does not make a switching-type 
power BJT Inoperative as long as the device does 
not exceed its maximum continuous Ig rating, but 
gain loss does make it an inefficient switch 
because the switch's total losses increase as Ig 
increases. 


Figure 1 shows the rapid decrease in hpp f or 

increasing neutron fluence for three values of Ip. 
The test device was an NPN D60T455010 power 
transistor and is rated by the manufacturer for an 
hpp - 10 at I c » 50 A and Vpp - 2.5 V and a maximum 
I B - 20 A. The Ip - 10 A and 

total fluence of 1.6 x 10 13 n/cm z . The Ip_« 50 A 


and 30 A curves are for a 

___ _0* 3 n/cm 2 . The Ir * 50 A 

curve terminates at a fluence of 0.74 x 10* 3 n/cm 2 


because above this fluence Ig exceeds 20 A. Extra- 
polation of the Ip * 50, A curve shows that as the 
flyence approaches 10 l3 n/cm 2 > ,J*FE a PP roa ^ e 5 
unity. ATT three curves snow quite clearly that 

neutron-induced defect clusters cause a high 
density of R-G centers which cause a rapid 
degradation in hpp. The 37 krad gamma dose is due 
to fission fragment decay and has no significant 
effect on the gain degradation. On gain 

considerations alone, the operational usefulness of 
power BJTs tand to be limited to fluences 
less than 10* 2 n/cm 2 . 
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In a reverse-biased p-n junction the drift current 
dominates and this reverse current, usually called 
the leakage current, consists of two components. 
The first component is the reverse saturation cur- 
rent so named because it is almost independent of 
the reverse-bias voltage after a few tenths of 
volts. This component assumes a zero R-G rate in 
the depletion region and the magnitude of this 
current is inversely proportional to the minority 
carrier diffusion length and is thus limited by the 
supply of thermally generated minority carriers. 
The diffusion length is proportional to the square 
root of the minority carrier lifetime so the 
saturated reverse current increases as the minority 
carrier lifetime decreases. The second component of 
the leakage current assumes R-G does occur in the 
depletion region. Under reverse-bias the carrier 
concentrations in the depletion region are less 
than their thermal equilibrium values. The 
electron-hole generation rate must thus increase to 
restore the carrier concentrations to their thermal 
equilibrium values. This leakage current component 
is directly proportional to the thermal generation 
rate which Is Inversely proportional to the 
recombination lifetimes of the electrons and holes. 
As the R-G center density increases due to 
radiation-induced atomic displacements, the thermal 
generation rate increases so that this current 
component increases. 

Since both leakage current components Increase for 
decreasing minority carrier lifetime, it follows 
that the total leakage current increases as the 
density of radiation-induced defects Increase. 
Thus, for a specified reverse collector-base 
voltage with open emitter, V^gQ and specified 
collector-emitter voltage with open base, Vrf o> the 
respective leakage currents Iqdq and increase 
as the radiation-induced defects Increase, or 
equivalently, if Iqbq and IcEO are specified, then 
the respective blocking voltages V^q and V^q will 
decrease as the number of defects increase. 

Figure 2 is a plot of f° r J CE0 * as a 
function of neutron fluence for four devices. Again 
the test device is the D60T455010 and the manu- 
facturer's rating for VrRp and Vqeq are 500 V and 
450 respectively at 25 C. Two of the devices 
were tested at an epicadmium neutron flux of 7.55 x 
10” n/cnrs for a fluence of 1.65 x 10 6 n/cm 2 and 
total gairana dose of 37 krads. The other two 
devices were tested at half this flux with 
corresponding reductions of a factor of two in 
fluence and gamma dose. The devices with initially 
high values of Vqcq have faster degra dati on rates 
but in all cases, v^gn progressively decreases" with 
increasing fluence. Thus, as fluence increases to 
cause Increased atomic displacements, the thermal 
generation rate of carriers must increase because 
minority carrier recombination lifetime decreases 
and so Vceq must continue to decrease for a fixed 
IqE 0. It snould be noted that the V^o curves as a 
function of fluence for these same devices show 
similar rates of degradation. From operational 
considerations the use of Dower BJTs for neutron 

fte S becffi°!f h il!S rapid gSricEtiS’ tS 
device's forward voltage blocking capability. 


The four states in the switching sequence of a BJT 
are OFF, turn-on, ON, and turn-off. The OFF-state, 
the non-conduction interval, is characterized by 
VCBO an< * ^CEO an< * respective leakage currents 
Iqdq and IceQ’ The ON-state, the conduction 
Interval, Is characterized by hp E at specified 1^ 
and Vq£ values. The turn-on time is the sum of the 
delay rise and rise time and depends on how fast 
the majority carriers injected into the base by the 
emitter, can be collected by the collector for a 
specified output current. During turn-on, excess 
minority carriers accumulate in the base as the BJT 
goes from cut-off through the active to the 
saturation region. Excess minority carrier charge 
accumulated during turn-on must all be removed 
during turn-off. The deeper the BJT is driven into 
saturation, the longer the rise time and the larger 
the amount of excess charge accumulated in the 
base. The turn-off time Is the sum of the storage 
and fall times and depends on how fast the excess 
minority carriers recombine. For a BJT operating 
in the saturation region, the storage time is the 
longest switching time interval compared to the 
other three Intervals and so becomes the most 
Important time in determining the switching speed. 

The excess carrier charge accumulated during turn- 
on and the rate of recombination of this excess 
charge during turn-off is proportional to the 
minority carrier lifetime in the base. Faster 
switching times mean lower switching losses and one 
means to reduce storage time is to purposely 
Introduce R-G centers with electronic states near 
the center of the band gap. The use of gold as an 
impurity is a common method to increase switching 
speeds by decreasing minority carrier lifetime. 
Since radiation-induced atomic displacements 
introduce R-G centers near midgap, it becomes 
evident that these radiation- induced defects will 
reduce storage time. 

Figure 3 shows the pre- and post-irradiation sto- 
rage time for the D60T455010 as a function of Id 
for Iq - 40 A and collector supply voltage VQr=45 
V. Both devices were subjected to a neutron flux 
of 7,55 x 10 6 n/cm 2 $ for a fluence of 1.65 x 10 13 
n/cm 2 and background gamma dose of 37 krads. The 
curves clearly show a significant reduction of 
almost 100% in storage time due to the radiation- 
induced de-fects. The decrease in minority carrier 
lifetime caused by the neutron- induced atomic 
displacements clearly enhances the switching 
characteristics of BJTs but likewise, severely 
degrades the ON-state current gain and the OFF- 
state forward blocking voltage capability. 

RADIATION EFFECTS IN M0SFETS 

The MOSFET is a voltage controlled device in which 
the gate-source voltage controls the output drain 
current. MOSFETs are of two types: depletion and 
enhancement -mode. Both types can be either N- or 
P- channel devices. Depletion -mode MOSFETs turn on 
with zero gate- source voltage and are normally-on 
devices so a gate drive is required for turn-off 
and to maintain the blocking voltage in the OFF- 
state. Enhancement -mode MOSFETs are normal ly-off 
devices because a gate-source threshold voltage 
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VGS(th), Is required for turn-on. Turn-on Is 
accomplished by developing a charge Inversion layer 
In the semiconductor under the gate oxide to form 
the conducting channel. Both N-and P-channel 
enhancement -mode HOSFETs have been developed for 
power applications with N-channel devices having 
the largest selection of current and voltage 
ratings. Accordingly, N-channel enhancement-mode 
HOSFETs will be the basis for the discussion of 
radiation-induced effects. Uni ike BJTs, HOSFETs 
conduct current by majority carriers only and the 
effects of radiation damage in HOSFETs is different 
from those in BJTs. Ionizing radiation, primarily 
due to gamma rays causes shifts, and atomic 
displacements, primarily due to neutrons, causes 
Increases in ON-state resistance Ros(th)* 

Ionizing radiation generates electron-hole pairs 
almost uniformly in the gate oxide. The number of 
pairs generated is dependent on oxide thickness, 
band gap of the oxide, and energy absorbed. The 
electrons and holes are separated by an applied or 
radiation-induced electric field in the oxide. 
Some of the electrons will recombine immediately 
with the holes and the remainder will move quickly 
to the metal gate terminal. The remaining holes 
drift slowly toward the oxide-semiconductor 
Interface. Some of the holes pass into the 
semiconductor and others are captured in traps in 
the oxide near the interface to cause positive 
charge build-up which is dependent on temperature, 
density of traps available at the interface, oxide 
thickness, oxide processing techniques and 
magnitude and direction of the electric field. The 
trapped holes act like a positive gate bias and so 
they cause charge inversion in the semiconductor 
near the Interface. The positive charge build-up 
causes a negative shift in so that a less 
positive gate bias is required for turn-on. 
Sufficient positive charge build-up can cause 
v GS(th) to pe equal to or less than zero. For 
v GS(thl - 0 device becomes like a depletion- 
mod£ HOSFET and turns on without any gate bias and 
Indeed, a negative bias is required for turn-off 
and maintenance of the OFF-state. 

Imperfections and irregularities at the surface of 
a crystal cause disruptions in lattice periodicity 
and introduce energy levels in the semiconductor 
band gap. Since surface or interface effects give 
rise to these energy states they are called inter- 
face or surface states and the probability that 
electrons will occupy these states depends on the 
state's position in the band gap. This position is 
strongly dependent on the surface potential due to 
applied bias and positive charge build-up. 
Radiation-induced Ionization can change both the 
status and density of these interface states. The 
formation of negatively charged interface states 
can partially compensate for the positive charge 
build-up in the oxide by repelling electrons from 
the channel near the semiconductor-oxide interface. 
As the gamma dose Increases, this compensation 
effect can Increase to cause a decrease in the rate 
of negative shift in V^th) to the point that 
v GS(th) moves a positive direction. 

The effects of Co-60 gamma rays on shown 
in Figure 4 for two N-channel MTM15N50 ennancement- 


mode power HOSFETs. The manufacturer rates this 
device for a drain-source voltage Vq$ -500 V, drain 
current Iq -15 A, and maximum “4.5 V at 25 

C. The test devices were subjected to a 6.8 
krad/hr gamma dose rate for 73 krads of dose. No 
bias voltages were applied during irradiation 
except for purposes of data collection. The curve 
in Figure 4 shows that both devices track each 
other well and that VQC(th) decreases moderately up 
to about 5 krads, after which VQs/^h) decreases 
rapidly. The slope of the curve suggests that 
v GS(th) act a depletion-mode HOSFET above 
100 Krads unless interface states begin to develop 
rapidly to compensate positive charge build-up. 

Radiation-induced crystal defects caused by atomic 
displacements cause decreases in majority carrier 
density (carrier removal) and carrier mobility. 
The electrical conductivity is proportional to the 
product of majority carrier concentration and 
mobility so a reduction in channel conductivity 
causes Ros(onj to Increase. Hajority carrier 
mobility can also decrease due to scattering caused 
by the positive charge build-up and interface 
states, but these affect Ro$(pn) on1 y at ver ^ hi 9 h 
ionizing doses. The neutron-induced displacements 
are the dominant mechanism for causing Increases in 

R DS(on)- 

Figure 5 shows the effect of neutrons on Ros(on) 
for two HTH15N50 HOSFETs. The two test devices 
were subjected to neutron fluxes from 7.55 x 10 7 to 
2.26 x 10* n/cnrs for a total fluence of 3,8 x I0 13 
n/cm 2 and a background gamma dose of 70 krads. 
Again, no bias voltages were applied during 
irradiation except during data collection. Both 
devices show no significant increase in RoS(pn) f° r 
fluences up to 10 13 n/cm 2 after which ftpSfQn) 
begins to Increase. In terms of radiation 
hardness the experimental results indicate that 
this high voltage HOSFET is acceptable for neutron 
fluences up to at least 10* 3 n/cm 2 and possibly 
10** n/cm 2 but approaches unacceptability as an 
enhancement-mode device for gamma doses beyond 50 
krads. So called "rad hard" enhancement-mode power 
HOSFETs are now becoming available that show 
considerable improvement in their resistance to 
ionizing radiation. Several manufacturers [5,6] 
advertise the availability of rad-hard devices up 
to 1 Hegarad. 
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RGURE 3. • COLLECTOR STORAGE TIME FOR lc = 40 A ANO V« = 45 V 

VERSUS BASE CURRENT FOR NPN TRANSISTOR M0T455010. 
NEUTRON FLUX = 7.55 x 10 FLUENCE * 1£5 1 10 1 ^Vcra * 

TOTAL GAMMA DOSE r 37 krad. 



TOTAL GAMMA DOSE s 37 krad. 



FIGURE 4 - GATE-SOURCE THRESHOLD VOLTAGE VERSUS GAMMA DOSE FOR 
N-CHANNEL ENHANCEMENT-MODE MOSFET MTM 1 5N50 (500V/1 5A), 
GAMMA DOSE RATE * 6.8 kr*di/hr 



BGURE1- BREAKDOWN VOLTAGE BVc*o VERSUS FLUENCE FOR NPN 
TRANSISTOR D60T455010 (450 V/50 A). TOTAL GAMMA DOSE: 
{20 A 14) * 37 kiad; (IS A 11) > 1U knd. 



EPICADMIUM NEUTRON FLUBfCE (n ton *) 

FIGURE 5 - DRAIN-SOURCE ON-STATE RESISTANCE FOR 10 = 150A AND VG*t>) * 8.5V 
VERSUS EPICADMIUM NEUTRON FLUENCE FOR N-CHANNEL MTM 15N50 
(500V/15A). NEUTRON FLUX = 7.55 x 10 UO 2 .26 X 10 » ft/cm 2, GAMMA 
DOSE c TO kradt. 
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